Background-Hutchinson-Gilford progeria syndrome is a rare inherited disorder of premature aging caused by mutations in LMNA or Zmpste24 that disrupt nuclear lamin A processing, leading to the accumulation of prelamin A. Patients develop severe premature arteriosclerosis characterized by vascular smooth muscle cell (VSMC) calcification and attrition. Methods and Results-To determine whether defective lamin A processing is associated with vascular aging in the normal population, we examined the profile of lamin A expression in normal and aged VSMCs. In vitro, aged VSMCs rapidly accumulated prelamin A coincidently with nuclear morphology defects, and these defects were reversible by treatment with farnesylation inhibitors and statins. In human arteries, prelamin A accumulation was not observed in young healthy vessels but was prevalent in medial VSMCs from aged individuals and in atherosclerotic lesions, where it often colocalized with senescent and degenerate VSMCs. Prelamin A accumulation correlated with downregulation of the lamin A processing enzyme Zmpste24/FACE1, and FACE1 mRNA and protein levels were reduced in response to oxidative stress. Small interfering RNA knockdown of FACE1 reiterated the prelamin A-induced nuclear morphology defects characteristic of aged VSMCs, and overexpression of prelamin A accelerated VSMC senescence. We show that prelamin A acts to disrupt mitosis and induce DNA damage in VSMCs, leading to mitotic failure, genomic instability, and premature senescence. Conclusions-This study shows that prelamin A is a novel biomarker of VSMC aging and disease that acts to accelerate senescence. It therefore represents a novel target to ameliorate the effects of age-induced vascular dysfunction. (Circulation. 2010;121:2200-2210.)
H utchinson-Gilford progeria syndrome (HGPS) is a rare condition of premature aging caused by defects in the integrity of the nuclear lamina. It is caused by mutations in LMNA, the gene encoding A-type lamins, intermediate filament proteins that provide the structural scaffold for the nuclear lamina. In the majority of cases, a specific mutation (G608G) activates a cryptic splice site, resulting in the generation of a mutant prelamin A protein, referred to as progerin. 1 Normally, prelamin A is posttranslationally modified by farnesylation to facilitate nuclear envelope (NE) targeting and is subsequently cleaved by the metalloproteinase FACE1/Zmpste24 to remove the farnesyl groups and produce mature lamin A, which can then insert into the nuclear lamina. 2 Progerin lacks the conserved FACE1/Zmpste24 cleavage site and therefore remains permanently farnesylated. Thus, although it can enter the nucleus and associate with the NE, it cannot incorporate normally into the nuclear lamina. 3, 4 More rarely, HGPS is caused by mutations in Zmpste24, leading to the accumulation of permanently farnesylated prelamin A. 5, 6 In vitro, progerin and prelamin A accumulation in fibroblasts causes nuclear morphology defects, and the cells undergo premature senescence associated with changes in gene expression, heterochromatin organization, and failure to effect DNA repair. [7] [8] [9] [10] 
Clinical Perspective on p 2210
An important feature of HGPS is that aging symptoms appear to be tissue specific. [11] [12] [13] Accumulating evidence suggests that vascular smooth muscle cells (VSMCs) are highly susceptible to progerin accumulation. In skin sections from HGPS patients, progerin was observed exclusively in arterial VSMCs, whereas transgenic mice, ubiquitously expressing human progerin from a BAC clone, exhibited VSMC calcification and degeneration as the only phenotype. 14, 15 Similarly, in HGPS patients, the most catastrophic defect is VSMC dysfunction. Affected individuals develop severe premature arteriosclerosis and die of myocardial infarction or stroke usually within the second decade of life. 4, 11, 12 Large arteries and small arterioles show characteristic VSMC changes including calcification, lipid accumulation, fibrosis, and VSMC attrition. 16, 17 These VSMC defects are highly reminiscent of those occurring in common, age-associated vascular pathologies, including atherosclerosis and related arteriosclerotic processes such as medial calcification. 18, 19 Thus, an important question is whether the dysfunctional pathways in HGPS are relevant to normal aging.
To date, the role of nuclear lamina defects in normal aging processes is unclear. One study showed that the alternate splicing of LMNA to produce progerin is consistently utilized in a low percentage of cells in both young and old individuals but with no age-associated rise in expression. 9 Accumulation of progerin in a very small fraction of skin fibroblasts in aged individuals has also been demonstrated. 20 However, despite the prevalent vascular phenotype of HGPS, analyses of lamin A processing in human VSMCs have not been performed. Therefore, we sought to determine the contribution, if any, of lamin A dysfunction in human VSMC aging. We demonstrate that prelamin A accumulation is a novel and specific hallmark of VSMC aging and disease and may be a therapeutic target to ameliorate the effects of age-related vascular dysfunction.
Methods
An expanded Methods section appears in the online-only Data Supplement.
Cell Culture
Human VSMCs were cultured from explants as described previously. 19 Human dermal fibroblasts were obtained from NIA Aging Cell Repository, Coriell Institute (Tables I through III in the online-only Data  Supplement) . Cells were seeded at a known density, and counts were performed on each passage until senescence. Senescence-associated ␤-galactosidase (SA␤G) activity in cells and tissues was detected as described previously. 21 Cells were treated for 48 hours with the farnesyl transferase inhibitor (FTI) ␣-hydroxyfarnesylphosphonic acid (H-9279; Sigma, St Louis, Mo), at a dose of 2.5 mol/L, or atorvastatin, at a dose of 0.5 mol/L. Oxidative stress was induced in VSMCs and arteries by incubation in the presence or absence of the indicated H 2 O 2 concentration for 24 to 72 hours.
Reverse Transcription Polymerase Chain Reaction and Quantitative Polymerase Chain Reaction
Human FACE1 (Zmpste24) (Hs00195298 m1; Applied Biosystems, Foster City, Calif) and 18S (4333760F; Applied Biosystems) were coamplified in triplicate samples, and the fluorescence intensity of the polymerase chain reaction products was measured with the use of the Rotor Gene RG-3000 (Corbett).
Antibodies, Immunofluorescence, and Immunocytochemistry
Primary antibodies used were as follows: prelamin A (SC-6214, C-20), lamin A/C (SC-6215, N-18), FACE1 (SC-34777) (Santa Cruz Biotechnology, Inc, Santa Cruz, Calif); p21 (2946), p16 (4824), phosphor-p38 (9215), ␥-H 2 AX (2577), phosphor-ATM substrate (2851), 53BP1 (4937) (Cell Signaling Technology, Danvers, Mass); 8-oxo-dG (Japan Institute for Control of Aging); and FLAG (M2, F3165) (Sigma). Antibody specificity was tested with the use of adenoviral expression of different forms of lamin A (Figures I and II in the online-only Data Supplement). VSMCs were cultured on coverslips and were fixed in 50% methanol/acetone before processing for immunofluorescence. Human tissue samples for immunocytochemistry and SA␤G studies were fixed and processed as described previously. 21 Periodic acid-Schiff staining was performed according to the manufacturer's instructions (Sigma).
Fluorescence-Activated Cell Sorting Analysis
The DNA content of cells was measured by propidium iodide staining, and ␥-H 2 AX analysis was performed according to the manufacturer's instructions (Cell Signaling Technology).
Small Interfering RNA-Mediated Interference
Dharmacon smart pool FACE1 and control small interfering RNA (siRNA) oligonucleotides were transfected into VSMCs with the use of HiPerfect transfection reagent (Qiagen). At 48 or 72 hours after transfection, samples were prepared for Western blotting, fluorescence-activated cell sorting analysis, or immunofluorescence.
Comet Assays
Comet assays were performed with the use of protocols obtained from the Comet Assay Interest Group Web site. 22
Electron Microscopy
VSMCs were fixed in 2% gluteraldehyde, postfixed in 1% osmium ferricyanide, and embedded. The 50-nm sections were cut and stained with uranyl acetate and viewed in a FEI Philips CM100.
Adenoviral Constructs
VSMCs at 70% to 80% confluence were infected with FLAG-tagged recombinant adenoviruses containing wild-type lamin A (Ad/WT); an uncleavable form of prelamin A mutated within the Zmpste24 cleavage site (L647R) (Ad/UC); or progerin (Ad/Pr). Multiplicity of infection was 10 to 50 particles per cell as stated, routinely achieving 80% transfection efficiency as assessed by the control Ad/EGFP.
Statistical Analysis
Cell counts for statistical analysis were performed on nϭ100 to 500 cells in triplicate for each control and experimental group, and results were verified in at least 3 independent experiments performed in different VSMC isolates. Data are shown as meanϮSD. Statistical analysis was performed with GraphPad software, and comparisons were made with the Student paired or unpaired t test or Kruskal-Wallis test as indicated.
Results

Aged VSMCs Exhibit Nuclear Morphology Defects and Limited Growth Capacity
VSMCs showed limited growth potential in vitro and abruptly ceased proliferation; these growth characteristics are reminiscent of HGPS fibroblasts ( Figure 1A ). 8 VSMCs from old donors (71.1Ϯ5.8 years; nϭ9) reached replicative senescence sooner (passage 5.2Ϯ2.3) than those from younger donors (28.7Ϯ14.8 years; nϭ10) (passage 15.9Ϯ6.4; Pϭ0.0004) and showed an increased frequency of senescent cells, exhibiting a large flattened appearance and SA␤G positivity, at early passages ( Table I in the onlineonly Data Supplement and Figure 1B ). The frequency of cells exhibiting nuclear convolutions increased with passaging, and VSMCs isolated from old donors (Ͼ70 years; nϭ3) showed a greater frequency of dysmorphic nuclei compared with those from young donors (Ͻ16 years; nϭ3) at equivalent passage numbers ( Figure 1B and 1C ). Statins and FTIs reduced the frequency of these nuclear morphol-ogy defects, suggesting that they were due to the accumulation of farnesylated forms of prelamin A 23, 24 ( Figure 1D and Figure III in the online-only Data Supplement). This notion was supported by transmission electron microscopy ultrastructural analysis, which showed that VSMCs aged in vitro had severely convoluted and torturous NEs, thickening of the nuclear lamina, and loss of nuclear and NE-associated heterochromatin, features consistent with nuclear lamina defects ( Figure 1E ).
Human VSMCs Accumulate Prelamin A During In Vitro Aging
Reverse transcription polymerase chain reaction in VSMCs failed to detect the use of the cryptic splice site utilized in HGPS fibroblasts to produce progerin ( Figure IV in the online-only Data Supplement). Western blotting, with the use of antibodies that recognize mature and immature forms of lamin A, also failed to detect progerin in VSMCs (Figure 2A and 2B). However, a significant accumulation of prelamin A in aged VSMCs was detected (Figure 2A and 2C ). Immunofluorescence confirmed that the number of prelamin A-positive cells increased with passaging and was significantly higher in VSMCs from aged donors ( Figure 2D and 2E ).
Prelamin A accumulated in association with the NE, with punctate cytoplasmic staining also observed in VSMCs with the highest levels of prelamin A ( Figure 2D ). Costaining with the proliferation marker Ki67 revealed that in presenescent cultures, Ϸ20% of proliferating VSMCs were also prelamin A positive, including VSMCs with highly convoluted nuclei ( Figure 2F and 2G ). This suggests that prelamin A accumulates before the onset of senescence and not as a consequence of it. 
Prelamin A Accumulation Is Triggered by Downregulation of FACE1 In Vitro and In Vivo
Quantitative reverse transcription polymerase chain reaction and Western blotting for the lamin A processing enzyme FACE1 showed a significant decrease in mRNA and protein levels in late-passage VSMCs, correlating with the accumulation of prelamin A ( Figure 3A and 3B) . Although more variable, FACE1 expression was also lower in aged donors ( Figure 3A) .
To determine whether these observations were relevant in vivo, the pattern of prelamin A and FACE1 expression was Abbreviations are as defined in Figure 1 legend. B, Western blotting showing consistent decrease in FACE1 protein levels in late-passage VSMCs from 3 different isolates. C, Prelamin A staining (brown) was absent in medial VSMCs from a young donor (16- year-old female subject) but deposited in the aortic media and VSMCs of the adventitial vasa vasorum of an aged donor (71-year-old woman). Lamin A/C (control) was present in all VSMCs. Costaining with ␣-smooth muscle actin (SMA) (blue) and FACE1 (brown) in adjacent sections showed that VSMC FACE1 levels were high in the young donor but decreased in the old donor coincident with prelamin A accumulation. M indicates media; Ad, adventitia. D, Adjacent sections of 2 regions of intima from an atherosclerotic plaque (84-year-old man). Top panels show that VSMCs with high FACE1 expression rarely showed prelamin A accumulation. Box shows that VSMCs are all positive for lamin A/C in the same region. Bottom panels show a different region where low FACE1 in VSMCs was coincident with prelamin A staining (arrow heads) in the adjacent section. E, High levels of prelamin A (i) were found in VSMCs surrounded by periodic acid-Schiff (PAS)-positive matrix (ii). These VSMCs often exhibited absent (iii) or dysmorphic/fragmented nuclei (iv) (arrows). In many of these VSMCs, prelamin A was observed in both the cytoplasm and the nucleus (arrows). Hematoxylin-eosin counterstain was used to show nuclei. F, Some prelamin A-positive VSMCs colocalized with SA␤G-positive VSMCs in arteries from old individuals. Arrow shows a senescent (blue) VSMC that is prelamin A positive; arrowheads show prelamin A-positive cells that are not senescent. Prelamin A antibody, C-20; lamin A/C antibody, N-18.
analyzed by immunocytochemistry in aortic and carotid artery samples from patients ranging in age from 14 to 83 years (Table  III in the online-only Data Supplement). In the vessel media of young healthy donors, VSMCs contained high levels of FACE1 protein and undetectable levels of prelamin A ( Figure 3C ). In contrast, arteries from aged individuals showed reduced FACE1 staining and an increased frequency of prelamin A-positive cells in the media ( Figure 3C and Table III and Data in the onlineonly Data Supplement). Prelamin A was also observed in VSMCs of the adventitial vasa vasorum in aged individuals but was never observed in adventitial fibroblasts or endothelial cells ( Figure 3C ). In advanced atherosclerotic lesions, the expression of FACE1 and prelamin A was heterogeneous. Some intimal patches of VSMCs were strongly FACE1 positive and prelamin A negative, whereas in other areas VSMCs were negative for FACE1 and showed prelamin A accumulation ( Figure 3D ). VSMCs with the highest levels of prelamin A were isolated and embedded within the matrix. Many of these cells showed nuclear fragmentation and aberrant nuclear morphologies or were anuclear and contained remnants of vesiculated/degenerate VSMCs within a thick matrix cage composed of proteoglycans as shown by periodic acid-Schiff stain ( Figure 3E ).
The relationship between prelamin A accumulation and VSMC senescence was determined with the use of costaining with SA␤G. In arteries from young patients with no evidence of senescence, prelamin A was absent. In atherosclerotic lesions from older patients, senescent VSMCs were detected and were positive for prelamin A. However, there was a much larger subset of VSMCs that were positive for prelamin A but negative for SA␤G ( Figure 3F ).
FACE1 Is Downregulated in Response to Oxidative Stress
Oxidative stress is a major factor implicated in VSMC aging and senescence; therefore, we tested whether it may be causal in reducing FACE1 levels. VSMCs exposed to either serum starvation or H 2 O 2 treatment showed reduced FACE1 mRNA expression ( Figure 4A and 4B ). Short-term treatment with high-dose H 2 O 2 also decreased FACE1 protein levels and upregulated p21, indicative of cell cycle arrest ( Figure 4C ). Longer-term treatment with low-dose H 2 O 2 decreased FACE1 protein and increased prelamin A, and this was associated with activation of the cell stress marker phospho-p38 as well an increase in p16 ( Figure 4D ), suggesting that reduced FACE1 and prelamin A accumulation may contribute to stress-induced premature senescence.
To investigate further the relationship between oxidative stress and prelamin A, vessel rings harvested from healthy children were exposed to H 2 O 2 ex vivo. Nuclear staining for the oxidative damage marker 8-oxo-dG was detectable after exposure to H 2 O 2 . In addition, prelamin A accumulation was induced in Ͼ90% of medial VSMCs, and there was also evidence of reduced FACE1 staining ( Figure 4E ).
Prelamin A Accelerates Senescence and Disrupts Mitosis
Next, early-passage VSMCs were treated with siRNAs to FACE1, and Western blotting confirmed prelamin A accu-mulation ( Figure 5A ). After 3 days, nuclear morphology defects were induced in VSMCs but not in human umbilical vein endothelial cells or fibroblasts ( Figure 5A to 5C and Figure V in the online-only Data Supplement). However, at this time point, SA␤G staining showed that VSMC senescence was not induced (data not shown). However, longerterm adenoviral overexpression of prelamin A for 7 days induced a significant increase in SA␤G staining ( Figure 5D ). This effect was dose dependent and suggested that prelamin A can act to accelerate VSMC senescence ( Figure 5E ).
Immunofluorescence analysis of the cultures 3 days after FACE1 siRNA or adenoviral transduction showed that prelamin A had profound effects on mitotic VSMCs that were strongly positive for prelamin A both in the cytoplasm and at the NE ( Figure 5F ). Mitotic cells displayed abnormalities including asymmetrical nuclear division, resulting in daughter nuclei with abnormal DNA contents, anaphase bridge formation, severe nuclear fragmentation, and giant polyploid nuclei ( Figure 5F through 5I ).
Prelamin A Accumulation Induces DNA Damage
Aged VSMCs with high levels of prelamin A also showed increased activation of DNA damage signaling compared with their early-passage counterparts ( Figure 6A ). To investigate a possible causal relationship, early-passage VSMCs were again exposed to FACE1 siRNA. The induction of prelamin A rapidly increased DNA damage signaling, shown by pATM/ATR foci in interphase nuclei and increased ␥-H2AX levels ( Figure 6A and 6B) . Detection of increased DNA fragmentation on comet assay confirmed that DNA damage signaling was activated in response to actual DNA strand breakage ( Figure 6C ). The frequency of mitotic VSMCs with DNA damage was greatly increased ( Figure 6D and 6E), and these cells displayed mitotic abnormalities.
Discussion
This study highlights a major role for nuclear lamina dysfunction in vascular aging and disease. We show that a hallmark of VSMC aging, in vitro and in vivo, is the spontaneous and rapid accumulation of prelamin A, which is due, at least in part, to stress-induced downregulation of the processing enzyme FACE1. Our data suggest that prelamin A-induced DNA damage and mitotic dysfunction act in concert to accelerate VSMC senescence. In vivo, these events are likely to severely limit VSMC reparative capacity, leading to plaque instability and rupture.
Normal VSMCs Reiterate the Aging Phenotype Shown by HGPS Fibroblasts In Vitro
This study has shown that the lifespan and growth characteristics of normal human VSMCs in vitro resemble those of HGPS fibroblasts, which exhibit a short replicative lifespan compared with their normal counterparts. In HGPS fibroblasts, premature senescence is due to the toxic accumulation of progerin, a mutant form of prelamin A. 8 In VSMCs, these same growth characteristics were associated with the rapid and spontaneous accumulation of prelamin A as the cells aged in vitro. These observations may explain why VSMCs are particularly susceptible to the effects of progerin accumulation in both HGPS patients and animal models of the disease. 14, 15 Accumulating evidence suggests that mesenchymal stem cells are preferentially affected in HGPS, and progerin has been shown to enhance the osteogenic differentiation of mesenchymal stem cells. 13 VSMCs show mesenchymal stem cell-like properties and can undergo both osteogenic and adipocytic differentiation, 25, 26 leading to calcification and lipid accumulation, pathologies also prevalent in the vasculature of children with HGPS and in transgenic mice overexpressing progerin. 15, 16 We found that prelamin A accumulation was greatest in aged, calcified arteries, suggesting that it may promote osteogenic differentiation of VSMCs. 13 Indeed, the transcription factors that mediate osteogenic and adipocytic differentiation of VSMCs, Runx2 and SREBP1, both associate with the nuclear lamina, and therefore it will be important to investigate whether prelamin A can induce aberrant activation of these factors in VSMCs. 18, [27] [28] [29] 
Prelamin A May Act to Accelerate VSMC Senescence by Inducing Mitotic Defects and DNA Damage
Prelamin A accumulated in VSMCs before senescence, and its overexpression accelerated senescence, suggesting that it may be causal in the induction of VSMC senescence rather than a consequence of it. There are at least 2 potential mechanisms whereby prelamin A may act to accelerate VSMC senescence. First, overexpression of progerin in HeLa cells has been shown to induce its cytoplasmic aggregation and to disrupt mitosis, leading to binucleate cells and chromosomal aberrations. 30, 31 Similarly, we observed aberrant prelamin A accumulation in the cytoplasm during mitosis in late-passage and FACE1-depleted VSMCs, and this was associated with uneven partitioning of DNA into daughter nuclei and giant nuclei. Second, we found that prelamin A induced DNA damage in VSMCs, and we also observed an increased frequency of VSMCs with DNA damage entering mitosis. Entry into mitosis before the completion of DNA damage repair is indicative of mitotic checkpoint failure, and this may also have been causal in the induction of mitotic defects and genomic instability. Importantly, our observations in VSMCs are consistent with previous studies in fibroblasts and transformed cells, showing that both progerin and prelamin A are dominant-negative toxins that disrupt nuclear lamina integrity, deregulating DNA damage signaling and mitosis. 32 Delayed recruitment of 53BP1 to sites of DNA damage has been demonstrated in FACE1 Ϫ/Ϫ fibroblasts, leading to delayed DNA damage repair, accelerated DNA damage, and G2/M mitotic checkpoint failure and resultant aberrant mitosis and genomic instability. 10 In the context of vascular disease, it could be envisaged that by interfering with DNA damage repair and mitosis, prelamin A would accelerate senescence in atherosclerotic plaques. 21 Moreover, the association of prelamin A in vitro and in vivo with nuclear fragmentation and VSMC loss/ degeneration suggests that it may also contribute to the elimination of proliferating VSMCs during mitosis. 33 Both VSMCs and HGPS fibroblasts undergo an abrupt loss of the proliferative cell fraction immediately before the onset of senescence, correlating with an increased frequency of cells with severely fragmented nuclei. 8 Nuclear fragmentation is a hallmark of mitotic catastrophe, a form of cell death induced when cells carrying severe DNA damage enter mitosis. 34 Such a mechanism of VSMC death is consistent with the almost complete absence of proliferation and the marked VSMC attrition observed in advanced atherosclerotic plaques. 35 The deregulation of mitosis by prelamin A is also consistent with the well-documented increases in indicators of genomic instability, such as polyploidy and chromosomal aberrations, that occur in atherosclerosis and in animal models of vascular aging. 36, 37 
FACE1 Is Downregulated by Oxidative Stress
A crucial event in the accumulation of prelamin A was the downregulation of FACE1. Its sensitivity to oxidative stress, as well as the correlation of its loss with oxidative DNA damage, suggests that it may be a key factor in age-related vascular decline. Oxidative damage is detectable in Ͼ90% of cells in atherosclerotic plaques. 38 Therefore, it could be envisaged that a vicious cycle of stress-induced FACE1 downregulation and prelamin A accumulation, leading to a potentiation of DNA damage, mitotic catastrophe, premature senescence, and aberrant differentiation, could be occurring in the vessel wall to accelerate VSMC aging and induce age-associated pathologies. FACE1 is clearly a novel candidate for genetic study because decreased levels may be associated with increased cardiovascular risk. The identification of novel targets of FACE1 will also be important because some of the effects attributed to prelamin A may be due to the accumulation of an as yet unidentified substrate.
A Role for Statins in Treating Age-Induced Vascular Dysfunction
The discovery that VSMC aging is accelerated by the toxic accumulation of prelamin A implies that therapeutic interventions may be designed to reduce age-associated vascular decline. Animal studies have shown that both FTIs and combined therapy with statins and bisphosphonates can ameliorate multiple premature aging phenotypes in progerin Abbreviations are as defined in Figure 1 legend. B, Fluorescence-activated cell sorting data showing that FACE1 siRNA treatment increased the percentage of ␥-H2AX-positive VSMCs from 14% to 56% (a representative experiment shown of nϭ4). C, Comet assay showed increased tail length after FACE1 siRNA (arrow) indicative of increased DNA strand breakage. Graph shows quantification of tail length for nϭ200 VSMCs from 3 independent experiments. Unpaired t test was used (control siRNA vs FACE1 siRNA). Doxo indicates DNA damage positive control; control, no siRNA. D, After FACE1 siRNA, prelamin A-positive VSMCs entered mitosis with high levels of DNA damage. Control cells lacking prelamin A did not exhibit DNA damage at mitosis. Prelamin A-positive VSMCs with DNA damage showed mitotic defects such as abnormal DNA contents in daughter nuclei (arrow). E, Increased numbers of VSMCs with DNA damage at mitosis after FACE1 siRNA. MeanϮSD values for nϭ100 mitotic cells from 3 independent experiments are shown. Unpaired t test was used (control siRNA vs FACE1 siRNA).
transgenics and FACE1 Ϫ/Ϫ mice. 39 -43 In this study, statins, which act upstream of FTIs, reduced prelamin A-induced nuclear morphology defects in VSMCs, implying that they may potentially prevent age-associated VSMC dysfunction. Currently, FTIs are being tested in HGPS patients in a clinical trial that will shed further light on the therapeutic potential of these drugs in the treatment of vascular aging.
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